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Abstract

The association between elevated liver enzymes or FIB-4 (fibrosis index 4) and outcome in patients with venous thromboem-
bolism (VTE) has not been evaluated. Data from patients in RIETE (Registro Informatizado Enfermedad TromboEmbodlica)
were used to assess the association between elevated liver enzymes or FIB-4 levels and the rates of major bleeding or death
in apparent liver disease-free patients with acute VTE under anticoagulation therapy. A total of 6206 patients with acute
VTE and without liver disease were included. Of them, 92 patients had major bleeding and 168 died under anticoagulation
therapy. On multivariable analysis, patients with elevated liver enzymes were at increased mortality risk (HR: 1.58; 95%
CI: 1.10-2.28), while those with FIB-4 levels>2.67 points were at increased risk for major bleeding (HR: 1.69; 95% CI:
1.04-2.74). Evaluation of liver enzymes and FIB-4 index at baseline in liver disease-free patients with VTE may provide
additional information on the risk for major bleeding or death during anticoagulation.

Keywords Non-invasive liver assessment - Clinical VTE - Healthy individuals - Anticoagulation adverse events - VTE risk
assessment
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in patients with a number of liver disorders [10-14]. Patients
with raised fibrosis 4 index (FIB-4) have a higher incidence
of atrial fibrillation, [15] myocardial infarction, [16] diabe-
tes, [17] or coronary artery disease [18]. It also has some
prognostic value in patients with sepsis or SARS-CoV-2
[19, 20]. Interestingly, patients with ischemic stroke and
raised FIB-4 levels (but not elevated liver enzymes) were at
increased risk for hemorrhagic transformation in one study
[21]. However, no studies have consistently evaluated the
association between elevated liver enzymes or FIB-4 levels
and outcome in patients with acute VTE.

The RIETE (Registro Informatizado Enfermedad Trom-
boEmbodlica) registry is an ongoing, international, prospec-
tive registry of consecutive patients with objectively con-
firmed acute venous thromboembolism (VTE). Data from
this registry have been used to evaluate outcomes after
VTE, such as the frequency of recurrent VTE, major bleed-
ing or mortality, and risk factors for such outcomes [22].
The aim of the current analysis was to assess the associa-
tion between elevated liver enzymes or FIB-4 levels and
outcome in a cohort of apparent liver disease-free patients
with acute VTE.

Patients and methods
Data source

We used the data from the RIETE registry, which prospec-
tively collects information on consecutive patients with
objectively confirmed, acute VTE (ClinicalTrials.gov iden-
tifier, NCT02832245). Previous publications have reported
the design and conduct of the RIETE registry [22]. All
patients (or their relatives) provided written or oral informed
consent for participation in the registry, in accordance with
the local ethics committee requirements.

Study design

Information on serum liver enzymes was included into
the RIETE database in November 2013. Thus, the study
included patients only from November 2013 to July 2020.
We aimed to compare the outcomes appearing during the
course of anticoagulation in apparent liver disease-free
patients with VTE, according to the presence of: (1) elevated
vs. normal liver enzymes in serum; and (2) degree of liver
fibrosis, as quantified using the FIB-4 score.

Patients
Consecutive patients with acute, symptomatic VTE con-

firmed by objective tests [ventilation-perfusion lung
scan, contrast CT scan for pulmonary embolism (PE);
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compression ultrasonography or contrast venography for
deep vein thrombosis (DVT)] were recruited in RIETE.
Patients were excluded if they were currently participating
in a blind therapeutic clinical trial as reported by the inves-
tigator in charge of each patient inclusion in the registry. No
SARS-CoV-2-positive patients were included in the present
study.

Exclusion criteria

The exclusion criteria to participate in this study were: pres-
ence of active or prior cancer; liver cirrhosis, HIV infection
or chronic hepatitis including patients with chronic viral hep-
atitis, autoimmune hepatitis or genetic liver disease which
could lead to confusion in terms of liver status assessment,
excessive alcohol consumption considered according to pre-
viously validated parameters [23] (> 3 standard drinks a day
for > 65-year-old patients and women, > 5 standard drinks
a day for men), VTE diagnosis in patients hospitalized for
other reasons, platelet count at baseline of < 100,000/uL
or> 1,000,000/uL; and aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) levels of < 1 UI/L or>200
UI/L obtained in a standardized laboratory (Fig. 1). Clini-
cal characteristics were obtained from the report of cases
by each hospital.

Study variables

The following parameters were recorded in the RIETE reg-
istry: demographics, comorbidities, risk factors for VTE,
clinical status including any coexisting or underlying condi-
tions such as chronic heart or lung disease, recent (< 30 days
before) major bleeding, anemia or renal insufficiency, treat-
ment received for VTE (drugs, doses and dates) and out-
comes during at least the first 3 months. Body mass index
(BMI) was only recorded in 4723 patients due to the lack of
height data. Elevated liver enzymes were considered when
AST or ALT levels were >40 UI/L. The FIB-4 index was
calculated according to the following formula: [24]

Age(years) X AST(UI /L)
Plateletcount(mm3) x \/JALT(UI]L)

Patients with elevated liver enzymes were classified into
3 subgroups of FIB-4 according to previously validated cut-
off values for non-alcoholic steatohepatitis (NASH) as fol-
lows: < 1.3 points for low probability of fibrosis; 1.3-2.67
points for intermediate probability; and >2.67 points for
high probability of liver fibrosis [25]. We used these cut-offs
because NASH is the most likely cause of elevated FIB-4
levels in our patient population [12, 13].

FIB—-4 =
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Fig. 1 Flow chart of selection of
patients for final analysis

RIETE cohort
94,515 patients

Asymptomatic and superficial vein thrombosis excluded (n = 4,982)

89,533 patients

Patients recorded before the inclusion of co-morbidities in the RIETE registry (n=57,079)

32,454 patients

Patients previously diagnosed or undefined in terms of cancer (n = 7,282), cirrhosis, chronic
hepatitis and splacnic vein thrombosis (n = 12,980)

12,192 patients

Platelets < 100,000/mm? or > 1,000,000/mm?3

AST and ALT > 200 UI/L or not recorded (n=5,859)

Patients with positive

Outcomes

The major outcomes were the rates of VTE recurrences,
major bleeding or all-cause death occurring during the
course of anticoagulant therapy. The prognostic ability of
elevated liver enzymes, FIB-4 (as a continuous variable)
and the 3 mentioned FIB-4 subgroups was evaluated using
univariable and multivariable analyses.

Statistical analysis

Categorical variables were reported as frequency counts
(percentages) and compared using the Chi-square test
(two sided). Continuous variables were reported as
mean and standard error of the mean (or median with

6,334 patients

HIV excluded (n=40) and/or heavy drinkers (n=87)

6,206 patients
included in the
analysis

inter-quartile range, if not normally distributed), and com-
pared using Student ¢ test. Odds ratios (ORs) and corre-
sponding 95% confidence intervals (CI) were calculated.
The risks for all-cause death or major bleeding according
to the presence or absence of elevated serum enzymes or
FIB-4 levels were assessed using Cox regression models.
For multivariable models, we considered factors previ-
ously demonstrated to be prognostically significant or
thought to be clinically relevant, and covariates identified
in bivariate analyses as predictors of mortality or major
bleeding. Covariates included in the adjusted models
included: demographics, comorbidities, initial presenta-
tion of VTE (PE vs. DVT), risk factors for VTE, base-
line laboratory data (including liver enzymes and platelet
count) and anticoagulant therapy. Statistically significant
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differences were considered when p value was < 0.05. All
calculations were performed using IBM SPSS Statistics
(Chicago, v20.0).

Results

From November 2013 to July 2020, 6206 patients fulfilled
the inclusion and exclusion criteria, and were included into
the analyses (Fig. 1). Of these, 4955 (80%) initially pre-
sented with PE (with or without concomitant DVT) and
1251 presented with isolated DVT. Overall, 1275 patients
(21%) had elevated liver enzymes (AST, ALT or both) at
baseline; 2721 (44%) had low probability of fibrosis (FIB-4
levels < 1.3), 2669 (43%) had intermediate probability
(FIB-4 levels 1.3-2.67) and 816 (13%) had high probability
of liver fibrosis (FIB-4 levels >2.67 points).

Elevated liver enzymes

Patients with elevated levels of AST and/or ALT had higher
levels of gamma-glutamyl transpeptidase, alkaline phos-
phatase or FIB-4 than those with normal levels of AST
and ALT (Table 1). They were also younger (61 + 18 vs.
66 + 18 years; p <0.001), more likely men, more likely pre-
sented initially with PE, and more likely had recent surgery
or prior stroke, but less likely had anemia or renal insuffi-
ciency than patients with normal levels (Table 1). Patients in
the elevated liver enzyme group had a statistically significant
higher BMI. Among patients initially presenting with PE,
those with normal liver enzymes were more likely to have
hypotension or tachycardia (Table 2). Most patients with or
without elevated liver enzymes (78 vs. 80%) received ini-
tial therapy with low-molecular-weight heparin (LMWH).
Then, half of the patients (49 vs. 45%) switched to vitamin
K antagonists (VKAs) and one third (32 vs. 35%) to direct
oral anticoagulants (DOACS).

During the course of anticoagulant therapy [median dura-
tion, 4 months; inter-quartile range (IQR), 2-9 months],
66 patients developed VTE recurrences (recurrent PE 43,
recurrent DVT 23), 112 suffered major bleeding (in the
gastrointestinal tract 38, hematoma 19, intracranial 16) and
168 died. Patients with elevated liver enzymes had a non-
significantly lower rate of VTE recurrences [hazard ratio
(HR): 0.52; 95% CI: 0.25-1.08) and similar rates of major
bleeding (HR: 1.13; 95% CI: 0.70-1.84) or death (HR: 1.10;
95% CI: 0.77-1.59) than those with normal liver enzymes
(Supplementary table I). On multivariable analysis, however,
patients with elevated enzymes were at an increased risk
for death (HR: 1.58; 95% CI: 1.10-2.28), but not for major
bleeding (HR: 1.39; 95% CI: 0.85-2.27) compared to those
with normal levels (Table 3).
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Additional models were performed including long-term
anticoagulation therapy which demonstrated a higher risk of
death in patients with the use of long-term LWMH in com-
parison to those using vitamin K antagonist and DOACs, but
these results were not included in the final model because
they did not modify the prognostic capacity of elevated liver
enzymes and to provide an a priori evaluation of mortality
risk using only data at baseline. Supplementary analyses
were also performed using BMI data. BMI resulted protec-
tive in the univariate analysis and was not included in mul-
tivariate analysis due to lack of statistical power of the new
model, regarding a 31% of loss of mortality events.

Liver fibrosis

Patients with high probability of liver fibrosis were
much older than those with low probability (78 + 11 vs.
54 + 18 years; p<0.001) (Supplementary figure I), more
likely presented with PE, and more likely had chronic heart
failure, renal insufficiency or recent immobility than those
with low probability of fibrosis, but less likely had recent
surgery, use of estrogens or recent travel (Table 1). No dif-
ferences in BMI were found between subgroups. Among
patients initially presenting with PE, those with high prob-
ability of fibrosis more likely had hypotension or tachycardia
at baseline. Patients with intermediate probability of fibro-
sis were also older than those with low probability (72 +11
vs. 54 + 18 years; p <0.001), more likely presented with PE
and had recent immobility or renal insufficiency, but less
likely had recent surgery, use of estrogens or recent travel
(Table 1). There were no differences among subgroups in
initial therapy, but patients with high or intermediate prob-
ability of fibrosis more likely received long-term therapy
with VKAs and less likely with DOACs (Table 2).

During the course of anticoagulation, patients with high
probability of liver fibrosis had a higher rate of major bleed-
ing (HR: 1.70; 95% CI: 1.29-2.24) or all-cause death (HR:
1.86; 95% CI: 1.51-2.30) than those with low probability of
fibrosis, and a similar rate of VTE recurrences (HR: 1.00;
95% CI: 0.72-1.41). Patients with intermediate probability
of fibrosis had a higher mortality rate than those with low
probability (HR: 1.84; 95% CI: 1.27-2.67), a lower rate of
VTE recurrences (HR: 0.58; 95% CI: 0.34-0.99) and a simi-
lar risk of major bleeding (HR: 1.52; 95% CI: 0.93-2.48) as
shown in supplementary table II. On multivariable analy-
sis, patients with high probability of liver fibrosis were at
an increased risk for major bleeding (HR: 1.69; 95% CI:
1.04-2.74) and at a similar risk for death (HR: 1.23; 95%
CI: 0.87-1.75) compared to those with low probability of
liver fibrosis (Table 3, Figs. 2, 3). Additional models were
carried out, including long-term anticoagulation therapy,
which demonstrated an increased risk of bleeding in patients
using long-term LMWH compared to those using vitamin K
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Table 1 Clinical characteristics

at baseline, according to liver

enzymes and FIB-4 levels AST or ALT AST and ALT >2.67 1.3-2.67 <13
>40 IU/L <40 IU/L

Liver enzymes FIB-4 levels

Patients, N 1275 4931 816 2669 2721

Liver enzymes
AST (mean UI/L + SD) 53 +28% 20+7 44 +32° 28+ 17* 2112
ALT (mean UI/L + SD) 65 +33* 19+8 344317 28+23 27 +23
GGT (mean UI/L + SD) 98+ 110* 38+45 59+73" 50+ 64 49+71
AP (mean UI/L +SD) 101 £60* 76 +37 88 +497 81 +44 81+42
FIB-4 index (mean + SD) 2.11x£1.55%  1.52+0.86 3.67+1.21% 1.84+0.38% 0.83+0.29

Demographics
Age (mean years + SD) 61+ 18* 66+18 78+ 11* 72+ 13* 54+18
Male sex 720 (56%)* 2339 (47%) 390 (48%) 1321 (49%) 1348 (49%)
Body weight (kg + SD) 81+18* 77117 74+ 16 77+16" 78+18
Body mass index (kg/m*+SD) 28.8+5.7* 28.0+5.6 28.0+59 283+54 28.0+5.5

Obese patients (BMI> 30) 346 (35%) 1125 (30%) 172 (29%) 668 (32%) 631 (31%)
Initial VTE presentation

Pulmonary embolism 1060 (83%)F 3895 (79%) 692 (85%)F 2211 (83%)* 2052 (75%)
SBP levels < 100 mmHg 89 (8.4%)F 213 (5.5%) 69 (10%)F 127 (5.7%) 138 (5.1%)
Heart rate > 100 bpm 274 (26%)¢ 796 (20%) 194 24%)¢ 481 (18%) 474 (17%)
Comorbidities
Diabetes 196 15%) 751 (15%) 110 (14%)" 393 (15%) 444 (16%)
Chronic heart failure 88 (6.9%) 287 (5.8%) 61 (7.5%)F 162(6.1%) 152 (5.6%)
Chronic lung disease 142 (11%) 556 (11%) 89 (11%) 318 (12%) 291 (11%)
CrCl levels < 30 mL/min 132 (10%) 575 (12%) 151 (18%)* 348 (13%)* 208 (7.6%)
CrCl levels 30-60 ml/min 383 (30%)* 1,842 (37%) 382 (47%)* 1108 (41%)* 735 (27%)
Prior ischemic stroke 82 (6.4%)" 269 (5.5%) 42 (5.1%) 142 (5.3%) 167 (6.1%)
No comorbidities 637 (50%) 2319 (47%) 489 (60%)F 1549 (58%)F 1165 (42%)
Risk factors for VTE
Recent immobility 324 (25%) 1190 (24%) 227 (28%)F 676 (25%)F 611 (22%)
Recent surgery 129 (10%)" 412 (8.4%) 38 4.7%)F 177 (6.6%)" 326 (12%)
Estrogen use 54 (4.3%)°  282(5.7%) 10 (1.2%)* 36 (1.3%)* 289 (11%)
Pregnancy/postpartum 15 (1.2%) 74 (1.5%) 0¥ 5 (0.2%)* 84 (3.1%)
Recent travel 51 (4.0%) 164 (3.3%) 14 (1.7%)*  7729%)" 124 (4.6%)
Unprovoked 610 (48%) 2,346 (48%) 443 (54%)F 1381 (52%)* 1143 (42%)
Prior VTE 173 (14%) 795 (16%) 124 (15%) 451 (17%)" 393 (14%)
Bleeding risk
Prior peptic ulcer 21 (1.6%) 63 (1.3%) 14 (1.7%) 43 (1.6%)" 27 (1.0%)
Recent major bleeding 28 (2.2%) 97 (2.0%) 19(23%) 46 (1.7%) 60 (2.2%)
Anemia 201 (23%)F 1,357 (27%) 214 (26%) 659 25%)" 775 (28%)
Platelet count/1000/mm> 232+84 234+82 165+41%  209+53%  277+91

BMI was only recorded in 4723 patients

AST aspartate aminotransferase, ALT alanine aminotransferase, /U international units, F/B-4 Fibrosis liver
index 4, SD standard deviation, GGT gamma-glutamyl transferase, AP Alkaline phosphatase, VTE venous
thromboembolism, SBP systolic blood pressure, CrClI creatinine clearance

Comparisons between patients: *p <0.05; 'p <0.01; ¥p <0.001

antagonists and DOAC. These results were not included in Discussion

the final model because they did not modify the prognostic

capacity of FIB-4>2.67 and to provide an a priori assess-  Data obtained from a large series of apparent liver disease-
ment of the risk of major bleeding using only baseline data. ~ free patients with VTE reveal that one in every 5 (20%) of
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Table 2 Treatment strategies

Liver enzymes FIB-4 levels
AST or ALT AST and ALT >2.67 1.3-2.67 <13
>40 UL <40 UL
Patients, N 1275 4931 816 2669 2721
Anticoagulation length
Median months (IQR) 4 (2-9) 5(2-10) 4 (2-10) 4 (2-10) 4 (2-9)
Over 6 months, n (%) 451 (35%) 1,658 (34%) 288 35%) 923 (35%) 898 (33%)
Initial therapy
LMWH n (%) 989 (78%) 3859 (80%) 656 (80%) 2051 (77%) 2141 (19%)
Mean LMWH (IU/kg/day) 183 +66¢ 17559 180+ 67 176 +60 176 +60
LMWH < 100 IU/kg/day 62 (4.9%) 308 (6.2%) 54 (6.6%) 169 (6.3%) 147 (5.4%)
Unfractionated heparin 96 (7.5%)* 168 (3.4%) 54 (6.6%)" 106 (4.0%) 104 (3.8%)
Direct oral anticoagulants 89 (7.0%)" 550 (11%) 44 (5.4%)F 313 (12%) 282 (10%)
Others 60 (4.7%) 240 (4.9%) 64 (7.8%) 199 (7.5%) 194 (7.1%)
Inferior vena cava filter 32 (2.5%) 92 (1.9%) 20 (2.5%) 51 (1.9%) 53 (1.9%)
Long-term therapy
Vitamin K antagonists 606 (49%)* 2223 (45%) 418 (51%)* 1,301 (49%)* 1,134 (42%)
Direct oral anticoagulants 404 (32%)* 1697 (35%) 233 (29%)F 891 (33%)" 989 (36%)
LMWH 213 (17%) 887 (18%) 142 (17%) 419 (16%)* 539 (20%)
Mean LMWH (IU/kg/day) 154 +54° 146 +46 145+52 146 +45 145+52
LMWH < 100 IU/kg/day 26 (2.0%) 101 (2.0%) 22 (27%)° 63 (2.4%)" 22 (0.8%)

AST aspartate aminotransferase, ALT alanine aminotransferase, FIB-4 Fibrosis liver index 4, IQR inter-
quartile range, LMWH Low molecular weight heparin, /U international units

Comparisons between patients: *p <0.05; 'p<0.01; p <0.001

such patients had elevated liver enzymes at baseline, and one
in every 7-8 (13%) had a FIB-4 index score over 2.67 points
(high probability of liver fibrosis). This finding is impor-
tant since patients with elevated liver enzymes were at an
increased risk for death during anticoagulation, and those
with high probability for liver fibrosis were at an increased
risk for major bleeding, even after adjusting by potential
confounders. Besides, there was a linear association between
FIB-4 levels and the risk for major bleeding. To our knowl-
edge, this association between routine liver tests at baseline
and outcome in patients with VTE has not been consistently
reported before. Our findings are particularly relevant since
we excluded VTE patients with previously known liver dis-
orders, serum transaminases > 200 UI/L, excessive alcohol
consumption or cancer, seeking to avoid confounding fac-
tors. Moreover, we used the cut-off values of liver enzymes
and FIB-4 according to previously published articles [25].
In this cohort, patients with elevated liver enzymes were
significantly younger than those with normal levels. On the
contrary, patients with elevated FIB-4 levels were older than
those with normal levels. This result was not unexpected
since the patient’s age is one of the items of the FIB-4 index
score. However, patients with elevated liver enzymes or high
FIB-4 levels had worse outcomes in most age subgroups,
particularly in those with higher rates of events, and the
risks even persisted after adjusting for age on multivariable
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analysis. A limitation of the present study was the lack of
events (11 deceased patients and 18 major bleeding events
out of 2024 evaluated subjects) in the age subgroups under
65 years old, which was partially solved by multivariate
analysis but might need a validation in younger populations.

Besides, the use of FIB-4 in the present study might rep-
resent a limitation if interpreted as a tool to assess liver fibro-
sis in patients, due to the low specificity of this marker in the
elderly (CITA). Nevertheless, the objective of the present
study was to evaluate the FIB-4 and elevated liver enzymes
as a prognostic tool in a different scenario, such as the pres-
entation of an acute thromboembolic event. FIB-4 has been
previously demonstrated to have predictive value in the acute
setting independent of age [16, 19, 20]. Our interpretation
is that the evaluation of the liver status using FIB-4 might
provide prognostic information in these patients, avoiding
to convey that according to the results of our study, fibrosis
is related to poor prognosis in these patients, which would
have to be proven in further studies. Besides, results were
adjusted by age to avoid an excessive weight of this variable
in the final results.

Besides, the use of FIB-4 in the present study might
represent a limitation if interpreted as a tool to assess liver
fibrosis in patients, due to the lack of specificity of this
marker in the elderly [26]. Nevertheless, the objective of
the present study is to evaluate the FIB-4 and elevated
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Table 3 Uni- and multivariable
analysis for mortality and for
major bleeding

All-cause death (n=168)

Major bleeding (n=92)

Univariable

Multivariable

Univariable

Multivariable

Demographics
Age, years
Male sex
Initial VTE presentation
Isolated DVT
SBP levels < 100 mmHg
Concomitant disorders
Gastroduodenal ulcer
Recent major bleeding
Chronic heart failure
Chronic lung disease
Diabetes mellitus
Prior ischemic stroke
Anemia
Platelet count x 1000/mm?
CrCl levels < 60 mL/min
No concomitant disorders
Risk factors for VTE
Recent immobility
Unprovoked VTE
Bleeding risk assessment
RIETE score, per point
Liver status
Elevated liver enzymes
FIB-4 index, per point
FIB-4 index >?2.67 points

1.09 (1.08-1.11)%
0.70 (0.52-0.96)"

0.58 (0.37-0.90)"
2.27 (1.41-3.66)*

1.87 (0.70-5.05)
4.17 (2.26-7.69)
1.01 (0.99-1.02)
1.16 (0.70-1.91)
0.99 (0.99-1.01)
1.00 (0.99-1.01)
2.96 (2.20—4.01)*
0.99 (0.99-1.00)
3.84 (2.70-5.48)*
0.24 (0.16-0.36)*

4.27 (3.16-5.78)F
0.50 (0.37-0.69)*

1.75 (1.58-1.94)F
1.11 (0.77-1.59)

1.33 (1.24-1.43)F
243 (1.73-3.41)F

1.07 (1.05-1.09)*
1.43 (1.02-2.01)"

0.94 (0.59-1.51)
1.55 (0.96-2.52)

1.20 (0.78-1.85)
0.47 (0.31-0.70)*

2.67 (1.95-3.67)F

1.24 (1.09-1.41)"

1.58(1.10-2.28)"
1.11(1.01-1.23)"
1.23(0.87-1.75)

1.04 (1.02-1.05)*
0.51 (0.33-0.79)"

0.54 (0.29-1.03)
1.71 (0.83-3.54)

3.48 (1.28-9.47)"
3.83 (1.67-8.77)*
1.01 (0.98-10.3)
1.29 (0.72-2.31)
0.98 (0.96-1.01)
0.99 (0.98-1.01)
3.66 (2.43-5.53)F
1.00 (0.99-1.00)
2.05 (1.34-3.14)F
0.46 (0.30-0.73)*

1.77 (1.15-2.74)"
0.89 (0.59—1.34)

1.71 (1.49-1.97)
1.14 (0.70-1.86)

1.32 (1.19-1.48)*
2.32 (1.46-3.71)F

1.02 (1.01-1.04)"
0.59 (0.38-0.96)"

2.39 (0.86-6.61)

0.72 (0.42-1.23)
0.70 (0.45-1.12)

1.21 (0.77-1.89)

1.54 (1.31-1.81)*

1.39(0.85-2.27)
1.22(1.07-1.39)"
1.69 (1.04-2.74)"

Results are expressed as hazard ratio and 95% confidence intervals

Results in italics: elevated liver enzymes, FIB-4 index and FIB-4 score>2.67 were included in different
multivariate models adjusted by age, sex, isolated DVT, SBP levels < 100 mmHg, absence of co-morbidity,
CICr clearance < 60 ml/min and Bleeding risk assessment

Mortality models: Harrel C test for mortality model without liver evaluation =0.848 elevated liver enzymes
model =0.851, Harrel C test for FIB-4 model =0.851, Harrel C test for high risk fibrosis =0.849

Bleeding models: Harrel C test for bleeding model without liver evaluation=0.728 elevated liver
enzymes =0.729; Harrel C test for FIB-4 model =0.730; Harrel C test for high risk of fibrosis =0.730

VTE venous thromboembolism, DVT deep vein thrombosis, CrCI creatinine clearance, AST aspartate ami-
notransferase, ALT alanine aminotransferase, FIB-4 Fibrosis liver index 4

Comparisons between patients: *p <0.05; "p<0.01; *p<0.001

liver enzymes as a prognostic tool in a different scenario,
which is the presentation of an acute thromboembolic
event. FIB-4 has been previously demonstrated to have
predictive value in the acute setting independently from
age [16, 19, 20]. Our conclusion is that the evaluation
of the liver status using FIB-4 might provide prognos-
tic information in these patients, avoiding to convey that
according to the results of our study, fibrosis is related to
poor prognosis in these patients, which would have to be
proven in further studies. Besides, results were adjusted
by age to avoid an excessive weight of this variable in the
final results.

The relationship between liver status and the thrombo-
sis—bleeding balance has much been debated [27]. Unexpect-
edly, some patients with advanced liver diseases may have
some degree of hypercoagulability, with a potential benefit
for anticoagulant therapy. [28—31] These findings might be
partly explained by a significant decrease on thrombomod-
ulin-mediated inhibition of thrombin [32]. Nevertheless,
the predisposition for bleeding in both acute and chronic
liver diseases remains controversial, [33] and some experts
suggested that the liver inflammation might be a potential
predictor for bleeding [34]. In this context, the association
between liver enzymes at VTE diagnosis and a higher risk
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Fig.3 Adjusted Cox regression analysis for major bleeding during
anticoagulation according to risk for liver fibrosis

for bleeding or to die might help to establish the basis for an
association between the thrombosis—bleeding balance and
the liver status in patients with undetected hepatic disease.

Our study has a number of limitations that need to be
addressed. First, RIETE provides insights into the natural

@ Springer

history of VTE in an unselected patient population, in contrast
to the rigorously controlled conditions of randomized clinical
trials. It can, therefore, help to identify factors associated with
worse outcomes, and provide feedback from real-world clinical
situations which may be valuable when designing new clinical
studies (hypothesis generating). Despite our efforts to control
any bias from concomitant diseases and therapies, it is likely
that we were unable to completely eliminate such bias.

A particular drawback could be the absence of registration
of concomitant drug therapy of patients since some medica-
tions might be directly related to liver status, especially statins.
Thus, the main illnesses that could lead to HMG-CoA reduc-
tase inhibitors (diabetes and heart disease) were tested and
showed no differences in prognosis. Besides, all multivariate
models were adjusted by the presence of co-morbidity which
might be a proxy of drug prescription and could provide fur-
ther bias control to the model. The incomplete record of the
BMI values could also be considered a limitation of our study.
In the RIETE registry recordings, height was not included
as a mandatory value to fulfill. Thus, 1483 patients had not
reported height, so BMI was unable to calculate. Although
BMI did not affect the FIB-4 index results, statistically sig-
nificant differences were found in BMI among patients with
elevated and normal liver enzymes (28.8 +5.7 vs 28.0+5.6,
respectively), while quantitative differences among groups
were small. Although this variable was not included in the
final mortality model due to significant reduction of statistical
power, BMI seemed to be protective in the univariate mor-
tality analysis, which is consistent with previously published
reports [35]. In this context, as a protective factor (BMI) had
a higher result in the group at risk (elevated liver enzymes)
than in the control group (Normal liver enzymes), it could be
hypothesized that if the statistical power was enough to evalu-
ate BMI, the mortality prognostic capacity of elevated liver
enzymes would be even greater.

The worse outcome in patients with elevated liver
enzymes of FIB-4 levels may reflect pre-existing, unrecog-
nized, disease processes, the coexistence of unrecognized
liver disorders or the use of drugs. Moreover, the RIETE
registry is focused on patients with VTE and contains many
variables that may influence on their outcome, but only few
variables to evaluate liver status. This study also has unique
strengths including its large sample size which is consider-
ably larger than other studies. In addition, registry data are
audited for accuracy and completeness which provides high-
quality data for analysis.

Conclusion

The evaluation of liver enzymes or FIB-4 index at base-
line in apparent liver disease-free patients with acute VTE
may provide additional prognostic information concerning
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the risks for major bleeding or death during the course of
anticoagulation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-021-02858-x.
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